Neuropeptide Y (NPY), peptide YY (PYY) and pancreatic polypeptide (PP) form a family of 36-amino-acid peptides. DNA clones for NPY and PYY from several vertebrate species, including the river lamprey, show that both peptide genes were already present in the early vertebrate ancestor and that they have remained highly conserved during evolution. The PP gene probably arose as a copy of the PYY gene in early tetrapods. In situ hybridization shows that PYY expression is more widespread in the brain of lamprey than of mammals. We have cloned the zebrafish PYY (and NPY) gene to investigate whether this is a common feature among vertebrates. Clones have also been isolated for several NPY/PYY receptors in rat, human, and zebrafish to unravel the evolution of the receptor gene family. The results suggest that there may be at least four distinct receptor genes in bony fish and mammals.
NPY is widely distributed in the central and peripheral nervous systems of all vertebrates investigated. It has both pre-and postsynaptic effects and potently influences many physiological parameters. Among its actions are vasoconstriction and increased food intake. NPY also influences circadian rhythms and the release of pituitary sexual hormones. PYY is present in gut endocrine cells and, as we recently showed, in a small system of brainstem neurons in rat as well as in lamprey (PIERIBONE et al., 1992; SODERBERG Et al., 1994) . PP is exclusively expressed in the pancreas. To elucidate the evolutionary relationship between these peptides, we have isolated DNA clones for NPY and PYY from several vertebrates. Our studies show that both NPY and PYY were present in early vertebrates because both peptides have been found in lamprey as well as in mammals (S6DERBERG et al., 1994) . Sequence comparisons reveal that NPY is extremely well conserved throughout vertebrate evolution (LARHAMMAR et al., 1993) . Also PYY is highly conserved. The strong sequence conservation of NPY and PYY suggests that these peptides subserve important functions. In contrast, PP is quite divergent among species. It probably arose by duplication of the PYY gene in the tetrapod ancestor because its gene structure resembles that of PYY and both PP and PYY are expressed in pancreatic islet cells (LARHAMMAR et al., 1993) . The peptides isolated from the pancreas of several fish species seem to correspond to PYY. Our previous finding of PYY mRNA expression in some brainstem neurons of rat and lamprey revealed strong anatomical similarity between these widely divergent vertebrates, thus indicating that also the function of this peptide system has been preserved (PmRisoNE et al., 1992; S6DERBERG et al., 1994) . PYY mRNA is more widespread in the central nervous system of lamprey than of mammals, suggesting a more prominent neuronal role for PYY in lower vertebrates. To investigate whether this is an ancestral or derived feature, we decided to study the pattern of expression in a species representing a different branch of the vertebrate evolutionary tree. We chose the zebrafish (Brachydanio rerio) because of its great potential for developmental studies and for genetic experiments. Several genomic clones were isolated with a goldfish NPY probe and the cross-hybridizing parts of two distinct clones were sequenced and found to correspond to NPY and PYY. Zebrafish NPY differs at only one position from goldfish NPY (BOMQVIST et al., 1992) and has only four differences to human NPY. Zcbrafish PYY has 3 differences to PYY of several bony and cartilaginous fish. These observations confirm the extraordinary sequence conservation of these peptides. Zebrafish NPY and PYY share 30 of the 36 amino acids residues whereas the two human peptides share 24 amino acids. This could indicate a greater functional overlap between the two peptides in zebrafish than in mammals. Specific oligonucleotide probes have been designed for investigation of the anatomical distribution of NPY and PYY mRNA by in situ hybridization.
We have recently cloned an NPY receptor of subtype Yl 1 from human (LARHAMMAR et al., 1992) and Xenopus laevis (BLOMCZVIST et al., 1995) . Sequence comparisons allowed for the design of olignucleotide primers that were used to obtain NPY receptor-like clones by PCR (polymerase chain reaction) on zebrafish and rat genomic DNA.
Sequence analyses of two distinct zebrafish clones as well as of one novel rat clone revealed equal sequence divergence between the three novel receptors and the Yl receptor. Furthermore, the receptors lack introns in the PCR segment whereas Yl has one intron in this region. These observations suggest the presence of at least four distinct receptor subtypes in bony fish and mammals. Work is in progress to isolate full-length clones for functional studies and subtype identification.
The
